Abstract
Introduction

53
Aerosols affect precipitation by acting as cloud condensation nuclei (CCN) and 54 ice nuclei (IN), which can influence cloud microphysics (Twomey et al., 1984) and 55 cloud lifetime (Albrecht, 1989) . By absorbing and scattering radiation in the 56 atmosphere, aerosols can alter the thermal and dynamic conditions of the atmosphere.
57
The two types of effects are broadly referred to as aerosol-cloud interactions (ACI) 
62
The impact of aerosols on precipitation via cloud microphysics occurs through 63 warm-rain and cold-rain processes, as reviewed by Tao et al. (2012) . In the warm-rain 
103
As a first step, the goal of the present study is to evaluate current operational 
NCEP GFS/GEFS Forecast Datasets
226
The NWP model forecast data employed are three-hourly rainfall forecasts from 
Evaluation Methods
286
Quantitative precipitation forecast scores developed by NCEP are used in the 287 evaluation. given by where H represents hits, f represents false alarms, and m represents misses.
295
is given by
297
Its values range from -1/3 to 1 and a perfect score is 1. The BIAS is expressed as
299 Its values range from 0 to infinity. A perfect score is 1. A BIAS < 1 indicates 300 under-forecasting and a BIAS > 1 indicates over-forecasting.
301
To obtain the forecast skill under a particular pollution condition, the ETS and 302 the BIAS for each AOD range are calculated as
305
for the index of precipitation threshold i, cloud mixing ratio j, and AOD bin m.
307
Statistical Method
308
The standard deviation of the precipitation bias between the GFS model and CPC 309 gauge data is calculated as
311 where x is the forecast bias on a single day, n is equal to 364 days, and r is the mean three countries for whole year (Fig. 4a ) and for summer only (Fig. 4b) 
Results
325
Evaluation of GFS Precipitation using the CPC Gauge-based Analysis
Relationship between Model Performance and AOD
367
In principle, the underestimation and overestimation at different rainfall levels 
0.60).
383
The ETS and BIAS are used to examine the model performance in different
384
AOD bins for certain cloud mixing ratio conditions in the U.S. (Fig. 6) 41.74%, and 59.30% less precipitation than observed, respectively, was forecasted.
410
The underestimation of moderate rain (46.88%), heavy rain (59.58%), and very heavy 411 rain (70.16%) is even larger in summer (Fig. 7b) . (Table 3 ) and between rain frequency and visibility (Table 4) are 438 positive for all seasons. For heavy rain to very heavy rain, the correlations between 439 visibility and daily rain amount (Table 3) , as well as frequency ( 
Impact of Aerosols on Clouds and Precipitation
457
Aerosols can influence precipitation through warm-and cold-rain processes (Tao 
491
These results agree with those from a ground-based study using Atmospheric scores also decrease with increasing AOD, especially for heavier rain forecasts.
531
An analysis of long-term measurements from Fujian Province, China was done.
532
Light rain overestimation, and moderate, heavy, and very heavy rain underestimations GFS/GEFS models and data products, and the guidance provided by Dr. Hye-Lim Yoo.
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